Abstract: During a survey of the freshwater aquatic and limno-terrestrial diatom flora of the Maritime Antarctic Region, five taxa belonging to the genus Stauroneis that could not be identified were observed. Based on detailed LM and SEM observations, these five taxa have been described as new taxa: Stauroneis australobtusa sp. nov., S. acidojarensis sp. nov., S. delicata sp. nov., S. jamesrossensis sp. nov. and S. reichardtiopsis sp. nov. Comments are made on their taxonomic position and separation from other species in this genus. Brief notes on the ecology and distribution of the five taxa are added. A compiled list of all Stauroneis taxa present in the (sub-)Antarctic region is included in this paper and their biogeography based on the compiled data is discussed.
IntroductIon
During the past decade the limno-terrestrial diatom flora of the (sub-)Antarctic region has been a subject of a thorough taxonomic revision. Detailed and more critical taxonomic analyses of the species in several diatom genera, such as Navicula Bory (van de vijver et al. 2011a) , Muelleria (Frenguelli) Frenguelli (van de vijver et al. 2010 Frenguelli (van de vijver et al. , 2014 , Luticola d.g. Mann (van de vijver & Mataloni 2008; van de vijver et al. 2011b; Kopalová et al. 2011; Zidarova et al. 2014) , Pinnularia ehrenBerg (van de vijver & Zidarova 2011; Zidarova et al. 2012) , Hantzschia grunow (Zidarova et al. 2010) and Surirella turpin (van de vijver et al. 2013) clearly showed that the diversity of the Antarctic diatoms has been largely underestimated in the past, as well as that the Antarctic diatom flora is highly specific with a large number of taxa presenting a restricted Antarctic distribution. Moreover, based on the diatom species diversity, a clear biogeographical separation could be determined between the different parts of the Antarctic Region as defined by Chown & Convey (2007) : Sub-Antarctica (comprising the islands in the southern Indian Ocean and South Georgia), Maritime Antarctica and the Antarctic continent (i.e. van , 2011a , 2011b , 2013 Zidarova et al. 2010 Zidarova et al. , 2012 van de vijver & Zidarova 2011; etc.) .
In 2004 van de vijver et al. studied the genus Stauroneis in more than 850 samples taken from bryophytes, soils and lake sediments from various locations from both the (sub-) Antarctic and the Arctic Regions. This survey resulted in the observation of 25 different Stauroneis taxa, 17 of which were described as new to science. The genus Stauroneis was erected by ehrenBerg in 1843. round et al. (1990) characterized the genus by the presence of a typical "stauros", extending from the raphe sternum to the valve margins and uniseriate striae composed of small rounded or transapically elongated poroids. Further analysis of the presence of these taxa in the (sub-)Antarctic Region, based on the same set of samples (van de vijver et al. 2005) , suggested for first time that a clear biogeography can be produced between the different regions in (sub-) Antarctica based on diatom species occurrence.
However, most of the investigated samples in the 2004 study were collected on the islands in the southern Indian Ocean with only a handful of samples taken from the Maritime Antarctic region (King George Island). Since then, apart from several sparse Stauroneis records from the latter region (Zidarova et al. 2008; Kopalová et al. 2012 ) and the description of one new taxon (Zidarova et al. 2009 ), almost no new data for the genus Stauroneis in Maritime Antarctica were published, greatly limiting our knowledge on the diversity and biogeography of the genus in this region.
The present paper is a review on the species diversity in the genus Stauroneis in two localities in the Maritime Antarctic region: the South Shetland Islands and James Ross Island. During this survey, four taxa could not be identified using the currently available literature. These are described here as new for science and compared with morphologically similar species previously described from the Antarctic Region and elsewhere. Data about their ecology and biogeography are added. A list of all Stauroneis taxa present in the entire Antarctic Region is provided together with their actually known distribution and their biogeography is discussed.
Study area

South Shetland Islands
The South Shetland Islands (63°00'S, 60°00'W), located at about 130 km northwest of the Antarctica Peninsula ( Fig.  1) , belong to the Maritime Antarctic Province (Chown & Convey 2007) . The archipelago comprises a series of 11 larger and many small islands, islets and rocks. Samples in the present study were obtained from several large islands: King George Island, Livingston Island, Nelson Island and Deception Island. The climate of the islands is typically maritime, with mean annual temperature around -5 °C, high precipitation levels and strong westerly winds (toro et al. 2007 ). Most of the islands are covered by permanent ice and snow leaving only small parts, mainly on the coastal areas, ice-free in summer. The vegetation is limited to lichens and bryophytes with small patches of only two flowering plants: Colobanthus quitensis (Kunth) Bartl. and Deschampsia antarctica desv.
James Ross Island
James Ross Island (64°10'S, 57°45'W) is located in the northern Weddell Sea, close to the northern tip of the Antarctic Peninsula (Fig. 1) . The island is situated in the transitory zone between the Maritime Antarctic and Continental Antarctic regions (Øvstedal & lewis-sMith 2001) . The mean annual air temperature rarely exceeds -5 °C at sea level with the mean summer temperature slightly below 0 °C (sChwerdtFeger 1984). Compared to the South Shetland Islands, James Ross Island is more arid (KoMáreK & elster 2008) . The vegetation of the island is composed of a predominantly bryophyte and lichen tundra. Vascular plants are absent.
MaterIalS and MethodS
Samples from the study were obtained during several austral summers between 2003 and 2013. For light microscopy (LM) diatom samples were prepared following different methods. A small part of each sample was treated following the method of van der werFF (1955): sub-samples were cleaned by adding 37% H 2 O 2 and heated to 80 °C for about 1h followed by addition of KMnO 4 . Following digestion and centrifugation (×3 for 10 min at 3700 g), the resulting clean material was diluted with distilled water to avoid excessive concentrations of diatom valves. Another set of the samples was prepared according to the method described in hasle & Fryxell (1970): small sub-samples were cleaned using concentrated H 2 SO 4 followed by the addition of KMnO 4. The samples were then faded with H 2 C 2 O 4 and washed with distilled water (×8). Cleaned diatom valves were mounted in Naphrax Light microscopy observations were done at the Botanic Garden Meise (Belgium) and University of Sofia (Bulgaria) in Olympus BX51 and Olympus BX53 microscopes equipped with Differential Interference Contrast (Nomarski) optics and digital imaging cameras.
For scanning electron microscopy (SEM), part of the suspension was filtered through polycarbonate membrane filters (pore diameter 1 µm), pieces of which were fixed on aluminium stubs after air-drying. SEM studies were done in a ZEISS ULTRA SEM microscope at 3 kV (Natural History Museum London, UK) where the stubs were sputter-coated with a Gold-Palladium layer of 20 nm, except for Fig. 57 , for which the observations were done at the Botanic Garden Meise (Belgium) after the stubs were sputter-coated with a 50 nm layer of Gold and examined in a JEOL-5800LV SEM at 20 kV. Scanning electron microscopy: Externally (Fig.  9 ), striae continuing onto the mantle, composed of transpically elongated areolae. Some of the areolae of the most inner row clearly rounded. External proximal raphe endings distinctly laterally curved, terminating in drop-like pores (Fig. 9 ). Distal raphe fissures elongated, continuing onto the mantle, sickleshaped to the same direction as the proximal raphe endings (Fig. 9) . Internally, distinct, large pseudosepta present at each valve apex . Internal raphe branches straight with straight proximal raphe endings terminating onto a well developed stauros (Figs 10, 11) . Internally areolae covered by hymenes (Fig. 11) . Girdle bands clearly perforated (Fig. 12) . 
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Taxa observed in the present study S. acidojarensis sp. nov. with the northern hemisphere species S. obtusa lagerstedt. The latin 'australis' means 'southern'.
Ecology and distribution:
Due to possible confusion in the past with Stauroneis obtusa, the exact Antarctic distribution of S. australobtusa remains unclear. So far small populations of this species have been observed with certainty on two islands of the South Shetland Archipelago (Livingston Island and King George Island). The largest population was found on bryophytes in a small meltwater pool on Byers Peninsula, Livingston Island. The pool had a pH of 7.6, a conductivity value of only 49 µS.cm -1 and had a bottom that was entirely covered by a large microbial mat. A second important population was found in sample LIV-BY16A, taken from a biofilm in an area flooded by freshwater between stones on Byers Peninsula close to the main plateau. The sample is dominated by various taxa of Luticola, Hantzschia, Pinnularia and Humidophila lowe et al.
Comparisons with similar taxa:
Based on valve dimensions Stauroneis australobtusa has an intermediate position between S. obtusa and S. microbtusa weruM et lange-Bertalot. As described by lagerstedt (1873) S. obtusa is a large Stauroneis species with a valve length of more than 60 µm and a valve width of more than 10 µm, which makes the conspecifity with the smaller S. australobtusa unlikely. Stauroneis microbtusa reiChardt, described from Austria (reiChardt 2004), has slightly narrower valves with a valve width up to 10.5 µm and a slightly higher number of more coarsely punctate striae in 10 µm (up to 23 striae in 10 µm vs 18-20 in S. australobtusa; and 15-20 areolae vs 18-23 in 10 µm in S. australobtusa). The major difference between the two taxa are however the proximal raphe endings. In S. australobtusa they are clearly laterally curving with distinctly expanded pores, whereas in S. microbtusa the proximal raphe endings are only weakly curved. Another differen-ce is the size of the central area: in S. microbtusa the central area is larger and more expanded toward the margins compared to the central area of S. australobtusa. In the sub-Antarctic region, only Stauroneis catharinella Van de vijver et lange-Bertalot and S. catharinae van de vijver et lange-Bertalot (van de vijver et al. 2004 ) have a similar valve outline to S. australobtusa. Stauroneis catharinae is much larger with a length of more than 65 µm and width of 11-13 µm and with a slightly denser striation (20-22 vs 18-20 striae in 10 µm in S. australobtusa). Moreover, the striae in S. catharinae are parallel at the apices and not radiate throughout the entire valve. Stauroneis catharinella has a comparable valve length but the valves are narrower (6-7.5 µm vs 8.0-12.0 µm) with a higher number of both striae and puncta (24 instead in S. australobtusa that are more radiate at the apices. Stauroneis obtusa f. minor KrassKe (KrassKe 1932) has much smaller valves with a length of 30-45 µm and a width of 5-7 µm, as well as a finer striation of 24-28 striae in 10 µm, compared to the larger valves of S. astralobtusa with a width of more than 8 µm and van de vijver et lange-Bertalot, described from the Crozet Archipelago (van de vijver et al. 2004 ) has a different valve outline with more protracted acutely rounded apices and a higher number of striae (21-24 in 10 µm) that become less radiate and even parallel at the apices, compared to the 18-20 striae in 10 µm 18-20 striae in 10 µm. Finally, Stauroneis correntina Frenguelli has much larger valves (42-84 µm and width of 12-15 µm) with a coarser striation of 16 instead of 18-20 striae in 10 µm (Frenguelli 1933 (Figs 13, 16, 18, (19) (20) (21) (22) (23) (24) (25) (26) . Transapical striae finely punctate, weakly or moderately radiate in the middle and radiate throughout, 20-23 in 10 µm. Areolae discernible in LM, ca. 24-27 in 10 µm.
Scanning electron microscopy:
As only a few specimens were found in the SEM, the SEM observations were made on two different populations from Livingston Island: the type population (Fig. 27 ) from a small pool on Byers Peninsula and another population from a sediment core taken from Limnopolar lake on Byers Peninsula (Figs 28, 29) . Externally (Figs 27, 28) , striae continuing onto the mantle, composed of narrow, dash-like transapically elongated areolae. External raphe branches straight with proximal raphe endings terminating almost straight and distinctly drop-like enlarged. Distal fissures elongated, continuing onto the mantle, sickle-shaped. Internally (Fig. 29) , proximal raphe endings finishing straight onto a thickened stauros. Distal raphe endings terminating onto small helictoglossae (Fig. 29) . Areolae covered by hymenes, forming a continuous strip over the striae (Fig. 29) Scanning electron microscopy: Externally (Fig.  56) , striae continuing onto the mantle, composed of transapically elongated areolae. Rarely some of the areolae of the innermost row rounded. External raphe branches almost straight with weakly unilaterally deflected proximal raphe endings, terminating in small, drop-like pores. Distal fissures are elongated, continuing onto the mantle and hooked sickleshaped. Internally (Fig. 57) Comparisons with similar taxa: Stauroneis jamesrossensis was earlier reported from James Ross Island as S. jarensis p. 196, fig. 4 : V, W). In some samples, valves with larger and smaller valve dimensions were found although in the type population, these larger and smaller valves were never found. It is likely that the true size range for this new taxon should be in reality: length = 23.3-46.5 µm, width = 7.3-9.3µm. Based on the dimensions and striation pattern almost no differences can be found between the Stauroneis jamesrossensis and S. jarensis. However, analysis of the type material of Stauroneis jarensis revealed that the latter species has a different valve outline with more convex margins and clearly rostrate or subrostrate apices (Figs 38-40 (n=22): 45.5-51 µm, width 9.8-11.5 µm, although smaller valves with a length of less than 40 µm and breadth of 9.3 (Fig. 68) µm have been also observed in other populations (Figs 68-72) . Axial area linear, not narrow, nor broad, only weakly widening toward the central area. Central area forming relatively broad butterflyshaped stauros, sometimes asymmetrical (Fig. 61) , moderately expanded toward the margins. Raphe lateral, with proximal raphe endings expanded and weakly unilaterally deflected. Distal fissures hooked. Transapical striae moderately radiate in the middle, geniculate, becoming more radiate toward the apices, 21-24 in 10 µm. Areolae discernible in LM, 24-30 in 10 µm, most often ca. 27 in 10 µm.
Scanning electron microscopy: Striae continue onto the mantle and composed of transapically elongated areolae ( Figs 73-75) ; rarely areolae are rounded, mostly at the apices (Fig. 74) . Externally, raphe with distinctly expanded drop-like proximal raphe endings, weakly deflected to one side (Figs 73, 75) . Terminal fissures elongated, continuing onto the mantle, hooked (Figs 73, 74) . Internally (Fig. 76) , proximal raphe endings straight and finish onto a thickened stauros. Distal raphe endings terminate onto small helictoglossae. Areolae internally covered by hymenes, forming a continuous strip over the striae. Single areolae sometimes border the central area at one side (Fig. 76) . 
Ecology and distribution:
Stauroneis reichardtiopsis was observed on several islands of the South Shetland Archipelago (Livingston Island and King George Island). The largest population was found in a seepage area sample on Byers Peninsula (Livingston Island). Small populations were also recorded among cyanobacterial mats on the bottom of small pools, among very wet bryophytes and in wet soils. 14), showed that the width of all shown valves varies between 6.2-9.7 µm and never exceeded 9.7 µm, whereas the valve length entirely matched the length range, given in the original description of the species in lange-Bertalot et al. (2003) . Compared to S. reichardtii, the Antarctic S. reichardtiopsis has more linear-elliptic, larger and, especially, wider valves, with a width of usually more than 9.8 µm (and not 6.2-9.7 µm, as observed by us for the type of S. reichardtii). The two species also differ in their central areas. The central area of S. reichardtii is comparably narrower and smaller than the central area of S. reichardtiopsis (68) (69) (70) (71) (72) . Another difference is the number of areolae in the striae. The number of areolae in S. reichardtiopsis is higher (24-30 vs 22-25 in 10 µm in S. reichardtii). Moreover, the analysis of all observed populations of Stauroneis reichardtiopsis could not prove that the two taxa are conspecific since no valves were found that can form a clear continuum between the type of S. reichardtii and the Antarctic S. reichardtiopsis. Although some of the smallest valves in the populations of S. reichardtiopsis have similar valve width to S. reichardtii (i.e. Fig.  68 and Fig. 67, correspondingly) , they still could be differentiated by the larger and more expanded central area, the higher number of areolae in the striae and the more linear valve outline. Additionally, apart of single records of valves with a width of 9.3 µm (Fig.  68 ) in the populations of Stauroneis reichardtiopsis, valves with a smaller width (i.e. less than 9.3 µm) were never observed. Considering the differences in the valve outline, valve width, central area and number of areolae in the two taxa, we propose that the Antarctic populations are kept as an independent taxon. Based on valve dimensions and central area, vs 24-30 in 10 µm) that in SEM appear elongated dash-like (MetZeltin et al. 2009; p. 112, pl. 88, fig. 12 (Figs 77, (80) (81) (82) . Occasionally, heavily silicified valves lacking a raphe observed (Fig. 87) . Transapical striae faint, punctate, weakly radiate in the middle, becoming slightly more radiate toward the apices and finally at the apices almost parallel, 24-27 in 10 µm. Areolae not always well discernible in LM.
Scanning electron: Valve face flat, abruptly turning into the valve mantle (Figs 89, 71) . At the junction of the valve face and mantle, a narrow hyaline area present, interrupting the striae, continuing afterwards onto the mantle (Figs 90, 91 ). Striae composed of narrow, dash-like, transapically elongated areolae, often irregularly spaced and therefore variable in number in 10 µm, ca. 20-30 in 10 µm; areolae of the striae at the apices sometimes fusing together to form a one-areola stria (Fig. 89) . External raphe straight with straight or slightly curved proximal raphe endings terminating with small pores (Fig. 91) (2004) reported Stauroneis delicata under the name S. subgracilior "Peninsula", suggesting they doubted that the Antarcic populations truly belonged to S. subgracilior sensu stricto lange-Bertalot et al. The latter species, described in lange- Bertalot et al. (2003) , can be separated based on its valve outline with more lanceolate valves and more elongated, protracted rostrate to rostrate-capitate apices and the higher number of striae (28-31 vs 24-27 in 10 µm in S. delicata). The proximal raphe endings in S. subgracilior are weakly deflected to one side whereas in S. delicata they are almost straight. Another similar taxon to Stauroneis delicata is probably the Chilean S. punensis lange-Bertalot et ruMriCh, described from Río Lauca (ruMriCh et al. 2000) . Stauroneis punensis has comparable valve dimensions and a similar valve outline but less protracted apices. The striation of S. punensis is finer, with 27-31 striae in 10 µm, whereas in S. delicata the number of the striae is lower, 24-27 in 10 µm. Other differences include the larger central area in S. punensis that is more expanded toward the margins. hustedt described S. schroederi hustedt (in A. sChMidt 1913; pl. 299, fig. 31 ), later documented by siMonsen (1987) . Based on the illustrations, the latter species has a different valve outline, with more rhombic-lanceolate valves, distinctly convex margins and protracted, narrowly rounded apices, compared to the lanceolate valves with moderately convex margins and rostrate-subcapitate apices of S. delicata. Another similar taxon, Stauroneis neohyalina lange-Bertalot et KraMMer has distinctly more protracted capitatesubcapitate apices and a larger central area that is more expanded toward the margins (lange-Bertalot & MetZeltin 1996; t. 35, figs 1-9). Stauroneis gracilior reiChardt is larger with a valve length of 47-53 µm giving the species a more elongate, slender outlook (reiChardt 1995).
Biogeographical discussion
Based on Table 1 , the total diversity of Stauroneis taxa in the entire (sub-)Antarctic Region counts up to 28 species, making it one of the most diverse diatom genera in these latitudes after Pinnularia, Luticola and Muelleria. The highest species richness is observed on the sub-Antarctic islands (24 taxa), whereas in the Maritime Antarctic region the species richness is only half (11 taxa) and on the Antarctic Continent only one Stauroneis species (i.e. S. latistauros) is recorded (Table  1) . Furthermore, in the Maritime Antarctic region, all eleven taxa are observed on the South Shetland Islands whereas only four taxa are present on the more southerly located James Ross Island (Table 1) . These results are not surprising since it is well known that the diatom species diversity decreases when moving southwards (i.e. jones 1996; van de vijver & Beyens 1999; van de vijver et al. 2011b) .
As can be seen in Table 1 , a clear separation exists based on species diversity and presence in the different parts of the Antarctic Region: only one species, Stauroneis pseudomuriella van de vijver et lange-Bertalot has a wide Antarctic distribution, ranging from the islands of the southern Indian Ocean to the islands of the southern Atlantic ocean and James Ross Island. Only one taxon, S. latistauros, has been known from both the islands of the southern Atlantic Ocean and the Antarctic Continent (Table 1) . Six of the eleven taxa found during the present study, have not been found outside Maritime Antarctica and 12 other Stauroneis taxa are only present on the islands of the Southern Indian Ocean (Table 1) . Moreover, only 6 Stauroneis taxa have a confirmed distribution outside the Antarctic Region (Table 1) . These results, as already observed in other genera, such as Luticola (van de vijver et al. 2011b) and Pinnularia (Zidarova et al. 2012) , prove once again that the Antarctic diatom flora is highly specific, composed predominantly of endemic species as well as that a clear separation exists between the islands of the Southern Indian Ocean, the Southern Atlantic Ocean and the Antarctic Continent. acknowledgMentS Sampling on Livingston Island was done in the framework of the IPY-Limnopolar Project POL2006-06635 (Ministerio de Ciencia y Tecnología, Spain). The authors would also like to thank the members of expeditions to the Czech J.G. Mendel Antarctic Station for field support and assistance with sampling on James Ross Island. Studies on James Ross Island were supported within a long-term research development project no. RVO 67985939. Observations on King George Island and Nelson Island were done within ДМУ 03-63: Project Part of the observations on Livingston Island was done within L'Oréal-Unesco "For Women in Science Program" (Bulgaria). Part of this research was funded within the BELSPO project CCAMBIO and supported by an EU Synthesys grant to BVDV to visit the Natural History Museum (BM, London, UK). Dr. Alex Ball, the staff of the IAA laboratory and Dr. Eileen J. Cox at the Natural History Museum are thanked for their help with the scanning electron microscopy. Mrs. Myriam de Haan is thanked for her technical assistance with the SEM at the Botanic Garden Meise. K. Kopalová benefited from grant GA UK grant nr. 394211.
